The complexed oxides Nd 2-x Sr x CoO 4 (0.4 £ x £ 1.2) and LnSrCoO 4 (Ln = Pr, Nd, Eu) having the K 2 NiF 4 structure were synthesized by the citric-acid-complexion method. The results of XRD confirmed that the complexed oxides have the K 2 NiF 4 structure. Other phases were found when x = 0.4 and x = 1.2. The influences of Nd, Pr, Eu on the activities of LnSrCoO 4 for CO oxidation and C 3 H 8 oxidation were different. The oxidative activities, average crystalline size and lattice distortion of Nd 2-x Sr x CoO 4 increased with increasing x value in the oxides. When x > 0.8, the lattice distortion decreased with increasing x. The results of O 2 -TPD showed that amount of desorption of lattice oxygen over Nd 2-x Sr x CoO 4 increased with x, however, the amount of chemidesorption of oxygen decreased. With increasing x, the high-temperature reduction peak in H 2 -TPR of Nd 2-x Sr x CoO 4 shifted to higher temperatures, however, the low-temperature reduction peak shifted to lower temperatures, which showed that the activity of the lattice oxygen and the thermal stability of Nd 2-x Sr x CoO 4 increased with increasing x.
INTRODUCTION
CO, HC and NO x emitted from motor vehicles cause severe environmental and health problems. 1, 2 In order to eliminate contamination, noble metal catalysts are widely employed at present. However, noble metal catalysts are expensive, so it is of significance to search for low cost alternatives. Perovskite-like A 2 BO 4 mixed oxides having the K 2 NiF 4 structure consist of alternating layers of ABO 3 perovskite and AO rock salt. They show high catalytic activity for the reactions involved in the after-treatment of motor vehicle exhaust gas, and have recently been studied as new materials. 3, 4 At present there are many studies on LnSrCuO 4 and LnSrNiO 4 , but few on LnSrCoO 4 (Ln = Ce, Pr, Nd, Eu). In this paper, Co-based mixed oxides LnSrCoO 4 and Nd 2-x Sr x CoO 4 havihg the K 2 NiF 4 structure were prepared by the polyglycol gel method, 5 and their catalytic activities for the oxidization of Co and C 3 H 8 were determined.
Powder X-ray diffraction (XRD) data were obtained using an X-ray diffractometer (type D8/ADVNCE made in Germany). The analysis conditions were as follows: target, Cu Ka : voltage, 40 kV: current, 40 mA: scan speed, 2º min -1 .
Temperature programmed desorption (TPD) experiments were carried out using an automatic Micromeritics 3000 apparatus interfaced to a data station. In each TPD experiment, the samples (0.300 g) for O 2 -TPD were first heated from room temperature to 1123 K at a rate of 8 K min -1 in a flow of O 2 (40 ml min -1 ) and then cooled to room temperature. After being He-purged for 1 h, they were heated from room temperature to 1123 K at the same rate. The samples (0.300 g) for CO 2 -TPD were first heated from room temperature to 773 K at a rate of 8 K min -1 in a flow of He and then cooled to room temperature in a flow of CO 2 (40 ml min -1 ). After being He-purged for 1 h, they were heated to 773 K at the same rate.
Temperature programmed reduction (TPR) experiments were carried out in the same apparatus as for the TPD experiments. Since water is produced during reduction, the gases out of the reactor were passed through a cold trap before entering the thermal conductivity detector. The samples (0.100 g) were first heated to 1173 K at a rate of 20 K min -1 in a flow of N 2 (99.9 %) and then cooled to room temperature. After being 10 % H 2 /N 2 -purged for 1 h, they were heated to 1173 K at the same rate.
Catalytic activity measurements
The catalytic tests (0.250-0.177 mm, 0.150 g catalyst) were carried out at atmospheric pressure in an automatic Micromeritics flow reactor with a reaction mixture containing CO (5.58 vol.%), O 2 (6.25 vol.%), N 2 , total WHSV (10000 h -1 ) for CO+O 2 reaction and C 3 H 8 (1.35 vol.%), O 2 (6.75 vol.%), N 2 , total WHSV (12000 h -1 ) for C 3 H 8 +O 2 reaction. The gas composition was analysed before and after the reaction by an in-line gas chromatograph with a thermal conductor detector (TCD) and connected with a computer integrator system. A TDX-01 column was used for CO, N 2 and O 2 and a porapak Q column for C 3 H 8 and CO 2 . The column temperature was 323 K for both columns and the TCD temperature was 348 K.
RESULTS AND DISCUSSION

Solid characteristics of catalysts
Ganguli 6 proposed that the formation of the K 2 NiF 4 structure requires two conditions: a tolerance factor (t = r A /r B , 1.7 £ t £ 2.4) and electrovalent equilibrium. The XRD patterns of the LnSrCoO 4 (Ln = Ce, Pr, Nd, Eu) mixed oxides showed that Pr, Nd and Eu formed K 2 NiF 4 -type mixed oxides, whereas, Ce formed an ABO 3 mixed oxide (Fig. 1A) , which may be due to an imbalance of the electrovalence caused by the special stability of Ce 4+ (4f 0 ). (Fig. 1B) . Among them, when Nd was substituted by a small amount of Sr (x = 0.4), the tolerance factor was close to 1.7, a large amount of the Nd and Co in the sample formed K 2 NiF 4 -type mixed oxides, while a small amount of the Nd and Co formed Nd 2 O 3 and CoO. When Nd was substituted by a large amount of Sr (x = 1.2), the superfluous Sr cannot enter into an A-site because of its larger ionic radius, which resulted in the formation of SrCO 3 and CoO, which was confirmed by XRD.
XRD Patterns of Nd
Oxidative activities of Co-based mixed oxide catalysts
The light-off temperature T 50 and complete conversion temperature T 99 of the catalysts (reaction temperatures of 50 % and 99 % conversion, respectively) are assigned as activities. The T 50 and T 99 of CO amd C 3 H 8 oxidization over EuSrCoO 4 catalyst are higher than those of NdSrCoO 4 and PrSrCoO 4 ( Table I ). The influence of the three rare earths on CO oxidation was Nd > Pr > Eu. As shown in Fig. 2 . the T 50 and T 99 for CO and C 3 H 8 oxidization over Nd 2-x Sr x CoO 4 decrease with increasing x. The oxidation of C 3 H 8 over Nd 2-x Sr x CoO 4 , because of its stable molecular structure, was more difficult than that of CO.
Effects of Sr on the structure of Nd 2-x Sr x CoO 4 mixed oxides
According to the theory of powder X-ray diffraction, the average crystallite size and the lattice distortion at Table II. creasing x. When x > 0.8, the changes of the average crystallite size and the lattice distortion were opposite to the charges when x < 0.8, the lattice distortion of Nd 2-x Sr x CoO 4 (x > 0.8) is bigger than that of Nd 2-x Sr x CoO 4 (x < 0.8). When x = 0.8, a mutation of the lattice distortion was found. It was reported that the B-site ion of A 2 BO 4 mixed oxides changes with change of the A-site ion, which causes a distortion of the BO 6 octahedra. 7 The activities of A 2 BO 4 mixed oxides are relative to the distortion of the BO 6 octahedra. With increasing distortion of BO 6 , the B-O I bond length increases, however, the B-O II bond length decreases (O I : the oxygen on the c axes of the crystal lattice, O II the oxygen on the x-y plane of the crystal lattice). The increasing of the movability of oxygen (O I ) is favourable for the oxidation reaction. 8 
Effects of Sr on absorbed oxygen and lattice oxygen of Nd 2-x Sr x CoO 4 mixed oxides
The surface oxygen over an oxide catalyst exists in the equilibrium:
. The desorption temperature of O 2-(lattice) is higher than those of chemisorbed oxygen (O 2 and O 2 -). 9,10 As shown in Fig. 3 , there were two O 2 -desorption peaks over the Nd 2-x Sr x CoO 4 catalysts, one (£ 600 K) corresponds to the description of chemisorbed oxygen and the other ³ 850 K) to the desorption of lattice oxygen. The amount of chemisorbed oxygen decreased with increasing x, however, the amount of lattice oxygen increased. Due to the decrease of the positive charge of the A-site of Nd 2-x Sr x CoO 4 catalysts with increasing x, the amount of Co 2+ (B-site) gradually decreases and, simultaneously, the amount of Co 3+ gradually increases in order to maintain the electrovalence balance. From the bond energy of adsorption and the electric charge of the atom surface (Fig. 4) , 11 it is thought that the chemisorbed oxygen should adsorb on the surface Co 2+ position or oxygen vacancy. Due to the distortion of the BO 6 octahedra, the Co-O I bond length is longer than that of Co-O II . 12 The amount of desorbed O I is connected with Co 3+ , so the amount of lattice oxygen should be directly proportional to the amount of Co 3+ . Generally, CO and C 3 H 8 are adsorbed on Ni 3+ over Ln 2-x Sr x NiO 4 . Hence Ni 3+ is the active center and lattice oxygen is the active oxygen species: the chemisorbed oxygen transforms into lattice oxygen to compensate the consumed lattice oxygen. 13 The oxidation mechanism over Nd 2-x Sr x CoO 4 is similar to that over Ln 2-x Sr x NiO 4 . As the amount of Co 3+ , the desorbed amount of lattice oxygen and the catalytic activities over Nd 2-x Sr x CoO 4 all simultaneously increase with increasing x, Co 3+ can be considered to be the active center and lattice oxygen the active oxygen species.
Effects of Sr on the desorption of CO 2 over Nd 2-x Sr x CoO 4 mixed oxides
CO 2 is one of the products of CO and C 3 H 8 oxidation. Form Fig. 5 , the desorption temperature of CO 2 over Nd 2-x Sr x CoO 4 catalysts slightly decrease with increasing x, but the areas under the peaks gradually increase.
Comparing with O 2 -TPD (Fig. 3) , the desorption temperature of CO 2 is between those of chemisorbed oxygen and lattice oxygen. The adsorption of CO 2 can affect neither the chemisorbed oxygen nor the lattice oxygen. The adsorption of CO 2 and lattice oxygen increases with increasing x, so the number of centers adsorbing CO 2 and chemisorbing ox- Table III . These results suggested that there are two H 2 -reduction peaks over Nd 2-x Sr x CoO 4 mixed oxides, namely, a low temperature peak and a high temperature peak. The temperature of the low temperature peak gradually decreased, 
